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BACKGROUND 

The National Nonpoint SOlIrce Watershed Monitoring Progra.m (NSWMP) documents the 
environmental benefits resulting from the Best Management Practices implemented by the 
Environmental Protection Agency (EPA) 319 Progra.m of Nonpoint PoUution Control. The 
Illinois EPA and the IUinois Department of Natural Resources (IDNR) agreed to jointly monitor 
the effectiveness of stream rehabilitation practices implemented on the Waukegan River. 
The Biological Stream Characterization Work Group states that in the summer, low 
stream flows place significant stress upon fish communities and eontribute to a general reduction 
in the quality and availability of strea.m habitat. Urban streams have much greater areas of 
impCfYious surface so that little infiltration occurs. Therefore summer low flows are more 
frequent and severe in urbao streams such as the Waukegan River. 
On the South BrallCh of the WllUkegan River, protocols of tile N5WMP were followed to 
detail the response of the stream fishery, the macroinvertebrate populations, and the in-stream 
physical habitat. The environmental quality of these three monitoring areas was judged by the 
Index of Biological Integrity (lSI) for fisheries, the Ma.croinvertebrate Biotic Illdex (MBI) for 
macroinvertebrates, and the Potential Index ofBiologic Integrity (PlSI) for in-stream habitat. 
The monitoring plan divided the stream reach into an upstream control (52) and a 
downstream bank erOSlOn site (SI) for biotechnical stabilization and in-stream habitat 
enhancement (Figure 5-2). This reach was chosen because 1\0 large ravine system transported 
urban ruooffinto the stream between SI and S2. 
These monitoring efforts were performed by stream biologists from the Ulinois EPA and 
the Illinois DNR. The project was monitored three times per year in the spring, summer, !lI1d fall 
seasons of 1994, \995, and 1996. The yearly monitoring documented the aquatic resources for 
one year before attempting any bank stabilization and in-stream habitat enllaocement. 
Between the sampling seasons of 1994 and 1995, the Second National Nonpoint Source 
Watershed Conference was held in Chicago. Installation oflunkers and bank revegetation at S\ 
coincided with the conference so attendees could participate in the construction. minois EPA and 
Illinois DNR stream biologists gave field demonstrations ortbe monitoring techniques used in this 
National Watershed Monitoring effort. 
During the spring, summer, and fall of 1995, the National Watershed Monitoring Program 
documented tbe response of aquatic resources to the lunker installation. 
STREAM MONITORING 

The upstream control lies 500 feet upstream of tbe restored pooVriffie reach. No large 
ravine systems transport stonnwater in the stream channel between the upstream control and the 
downstream station, The intensive monitoring of fisheries, benthos, and in-stream habitat was 
concentrated in the upper 200 feet of the control reach. 
For the National Watershed Monitoring effort, SI and S2 monitoring stations were 
located in the downstream treatment reach 'and the upstream control reach, respectively. These 
South Branch stations were monitored three times in 1994 before any restoration efforts began 
and three times in 1995 after lunkers were installed at the most severe bank erosion site in late 
1994 during the Second Annual National Watershed Monitoring Conference. As a part of the 
continuing monitoring efforts of the Illinois EPA and minois DNR. the South Branch sites were 
monitored three times in 1996 after pool and riffle restoration in early 1996. 
Additional monitoring sites (N1 and N2) on the North Branch of the Waukegan River 
have been monitored but do not follow National Watershed Monitoring Protocols. NI is a 
wooden lunker site in Washington Park while the N2 site has lunkers of recycled plastic lumber 
and concrete A-jacks in Powell Park. 
Methodology 
Fundamental to the evaluation of stream stabilization and habitat enhancement techniques 
is measurement of the biological response of aquatic species. Biological stream site 
characterization with the Index of Biological Integrity (mI) has been the standard in the 
Waukegan River monitoring. 
Since 1984, a team of stream biologists from the Il!inois DNR and the I1linois EPA has 
developed this stream classification system based upon the attributes of the logic fish communities 
(Hite and Bertrand, 1989, Table 6-1). 
The Biological Stream Characterization Work Group has reviewed the 12 illl metrics 
used to evaluate streams based upon their stream fisheries (Bertrand et aI., 1996). These 12 
metrics encompass trophic condition, abundance, and condition of the fish community. The index 
accounts for changes in species riclmess and allows comparison of fish community composition 
with the maximum known values for similar sized streams (Table 6-2). 
Stream size is estimated from the Hnrtnn-Strahler stream classification system (Strahler, 
1957). When evaluated on I 1:24,000 USGS map (7.5 minute), this system designates unbranched 
tributaries as first order. Where two first-order streams join, a second-order stream is formed as 
where the North Branch and South Branch of the Waukegan River join in Washington Park. 
Where watershed land use and drainage have increased runoff rates, stream order must be 
estimated by discharSe measurements and channel geometry. In such cases, bankfull width, 
bankfull depth, and dIscharge of natural streams in the region win determine the stream order 
classification for the stream segment. Such natural streams must serve as the template for the 
classification of modified stream channels in the urbanized watersheds of northeastern Illinois 
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Table 6-1. Biological Stream Characterization (BSC) Criteria 
for the Classification of Dlinois Streams 
Biotic Unique Highly Valued Moderate Limited Restricted 

Metric Aquatic Aquatic Aquatic Aquatic Aquatic 

Resource Resource Resource Resource Resource 

A B 	 C 0 E 
FISHERY 
Index of Biotic 51-60 41-50 31-40 21-30 520 

Integrity (lBI) or 

Alternate (AIBl) 

Sport Fishery 	 Good fIShery for Walleye, Smaller species of Carp or other less No sport fIShery. 
Value 	 sauger, smallmouth, sport fish predomi- desirable species Few fish ofany 

spotted, or largemouth nate in sport calA:h. support fIShery. species. 

bass, northern pike. white Bulheadlsunfish Few ifany fish of 

bass, crappie, catfISh, rock carp fishery. other species 

bass, or put and take trout Diverse forage fish caught. 

fishery. convnunity may be 

pm;ent. 
Spawning or Tributary to an ~A" stream, Nunery or rearing Few ifany young No young ofyear 

Nunery Value or used as nursery by above aRa for c:ommon ofyear or juve- or juveniles of 

sport fish species. 	 sport fISh. Young of niles ofany sport sport species 
year or juveniles of species present. 
above species 
common in fish 
samples. 
MACROINVERTEBRA TES 
Maaoinvertebrate N/A N/A N/A ~7.5510.0 > 10.0 

Biotic Index (MBI) 

Community N/A N/A N/A 	 Predominant Intolerant orga-
Structure 	 macroinvertebrate nisms absent, 

taxal"mdividuals benthic comrnu­
consist offacu Ita- nity consists of 

live and/or nearly all tolerant 

moderaec orga- forms, or no 

nisms. Intolerant aquatic macro­
organisms are invertebrates may 

sparse or may be be present. 

absent. 

Species Richness N/A N/A N/A 	 Notably lower Restricted to few 

than expected for taxa, or no taxa 

geographic area, present 

stream size, or 

available habitat, 

usually limited to 

a moderate or few 

number of taxa. 
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Table 6-2. Index of Biotic Inlegrity (mI) Metrics Used 10 Assess Fish Communities in 

Second-Order Sirums hi NortheaSlern minois (Bertrand et al.• 1996) 

Scoring criteria 
Metric
""."'" , , 
, 
Spa:i.. richness , Total number offillh "!"'cics .., 
on<! """,position 
Number and identity of dart<r specie> , 
, Number oM identity 0( s"nJhh >peei.. 

, Number and identity 0( suok<r spec;", , 

,~, 
, 
, Number """ identity O(intohnnt opeci.. 

Proportion or indiYiduoI... it"'" sunCosh 5·20%
<>% ,,~ 
Trop/Iio oornpouition , Proportion <Ji individuol> .. omnivores 4~ 20-45% ~" 
• Pmportion of individual, .. insecti""""" >45% 45-21W. 
­cyprinids 
• Proportion ofindividuab os piscioor.. <" 5·1% <>% (top <:ami.",.",,) 
Fish ab.indanc<: 10. Number <Jiindividuol' in ..",ple ,~-
" 
Proponion <Ji irdioiduals OS hybrids ~ >(l·I% ", 
" 
Proportion ofindividu.b wilh dixue, >2-W. >" 
tumors, fin d&mqc, md ,kekto.l ..,,,,,,,,Iie, "" 
Rehabilitation techniques on the South and North Branches of the Waukegan River will be 
evaluated as if the two branches were second-order streams. See Table 6-2 for the IBI scoring 
criteria for a second-order stream in northeastern Illinois. 
Stream Fisheries 
Collection. Each monitoring site consisted of a single pool and the two adjacent riffles. 
The sites ranged from 120 to 200 feet in length. Blocking seines isolate the sites at both the upper 
and lower areas. 
Fish collection equipment includes a backpack electro fishing unit, which stuns fish and 
brings them to the surface. The fish survey crew consisted of the backpack shocker operator and a 
single netter. Electrofishing nonnally requires 10-15 minutes depending on habitat and pool depth. 
Time must be accurately observed to calculate the catch per unit effort. . 
Larger fish were identified on site and returned to the stream. Smaller fishes were stored in 
95 percent ethanol and identified at a later date by an Illinois DNR fishery biologist. Fish species 
were identified and examined for disease and condition. 
IBI Stream Evaluation 
IBI assesses the health of a fish community using 12 fish community metrics. Each metric 
is scored as aI, 3, or 5, with a possible score of 60 for sites of exceptional quality. Six of the 12 
metrics do not have criteria established for scoring. Of these, expectations (and scoring) vary 
with stream size and region for the five metrics that measure species richness and composition. 
The other metric without fixed criteria evaluates abundance (catch-per-unit of effort or CPUE) 
and also has expectations that "vary with stream size and other factors." Fisheries professionals 
applying IBI have thus been delegated the responsibility to define species richness criteria based 
upon geographic considerations, and CPUE criteria based upon stream size and "other factors" 
such as catch efficiency ofgear used in collecting fish samples. 
Species richness scoring criteria can be derived through use of the maximum species 
richness line (MSR) described by Fausch et al. (1984) in their examination of regional applications 
of IBI. The MSR line is essentially a plot of the maximum number of species found in samples 
versus stream size (Figure 6-1) . 
The Horton-Strahler method of stream ordering was employed as a measure of stream 
size. Thousands of stream samples were examined in an effort to find samples where a large 
number of species reflected undisturbed conditions prior to modification by humans: the 
"pristine" conditions against which deterioration of fish communities could be measured. Samples 
of undisturbed sites were not available for all stream sizes within each major watershed of the 
State, but enough were found to establish the MSR slope. Once the MSR line is plotted for a 
particular region, deviation from this line is given a score by trisecting the area beneath the line. 
Samples with numbers in the zone closest to the line are valued at 5, those in the next zone 3, and 
samples with numbers in the lowest zone area scored at 1 (Figure 6-2). 
In the example shown (Figure 6-2), a fish sample from a sixth-order stream location with 
20 species would be scored a 3 for the total species parameter; a sample from a fourth-order 
stream with 20 species would score 5. 
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Figure 6-2. Zones beneath MSR line used to define illl scoring criteria 
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Macroinvertebrate Surveys 
Aquatic macro invertebrates as defined by Weber (1973) are invertebrates large enough to 
be seen by the naked eye and retained on a u.s. Standard 30 sieve (0.595 millimeters or mm). 
They will spend at least part of their life cycle within or upon aquatic substrates. Invertebrates 
included in this group are typically annelids, macrocrustaceans, aquatic insects, and mollusks 
(Isom, 1978) and are commonly useful in water quality monitoring as indicator species (Resh and 
Unzicker, 1975). 
At each sampling site, substrates are sampled at three locations with a Hess bottom 
sampler and a 500 micron net. The Hess sampler is firmly pressed into the sediment to ensure a 
tight seal. 
Cobble are scrubbed with a nylon brush within the sampler and removed. The remaining 
bed material is stirred vigorously and allowed to clear three times for thoroughness. 
The screened material is removed from the Hess sampler and preserved in 95 percent 
ethanol. Invertebrates are picked from the screened materials and identified to genus. 
Macroinvertebrate data are interpreted by an examination of community attributes: 
community structure, taxa richness, and use of the Macroinvertebrate Biotic Index (MEl). The 
MBI provides a summation or average of tolerance values assigned to each taxon collected and is 
weighted by its abundance. Low values indicate high water quality (for example, the rural Franklin 
Creek Lunker project had an MBI of 5.5). High values indicate degraded water quality. 
This index has a 0-11 scale rather than the 0-5 scale proposed by Hilsenhoff (1977, 1982) 
for Wisconsin streams. The Illinois EPA has also assigned tolerance rating for Turbellaria, 
Annelida, Decapoda, and Molluska. The MBI is calculated by the following equation: 
MBI = L (ni ti) IN 
where ni = number of individuals ofeach taxon 
ti = tolerance value for each taxon 
N = total number ofindividuals 
In-stream Habitat Monitoring 
Using the wadable transect methodology, the sampling site is divided into 10 segments of 
equal length bounded by 11 transects. Habitat variables are defined within each of the 10 stream 
segments. These habitat variables are stream width; stream depth; streambed substrate; in-stream 
cover; percentage of riffles, pools and runs, and shade canopy; and stream discharge. 
Stream width is determined by direct measurement at each of the 11 transects. Stream 
depth and bottom substrate are determined at one foot intervals along each transect. The extent of 
shade canopy, pool, riffle, and run is estimated from observation of each of the 10 stream 
segments. Stream discharge is measured at one foot intervals along one transect. 
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Wadable Stream! Transect Methodology 
The transect assessment procedures used in wadable streams in conjunction with Illinois 
EPAlIllinois DNR Cooperative Intensive Basin surveys, special studies, or with selected elements 
orthe Biological Stream Characterization (BSC) effort, combines the habitat approach of Goonan 
and Karr (1978) with infonnation on additional metrics important to stream quality (c_g_, 
pooVriffie development, in-stream cover, and shading). 
Stream habitat is measured along dimensions considered important to fish and applicable 
to many stream types , This methodology employs placement of transects along the study areas 
with depth and substrate measured at equally spaced intervals at each transect (calculation of 
habitat diversity or HD may be accomplished if desired by placement of habitat components into 
discrete categories with diversity calculated by the Shannon-Weiner equation on total 
observations within II. combination of habitat dimensions). Use of the habitat transect approach 
allows calculation of mean depth and width and detemlination of substrate composition for the 
study reach. Quantification of pooVriffie development, in-stream cover, and shading is 
accomplished in incremental fashion in conjunction with Tcc()Tding data from each transect. Table 
6_3 provides a complete list of metric;; recorded with the II-transect approach. A summary of 
the steps employed wilen the transect approach is used in conjunction with the assessment offish 
communities is provided below: 
\. 	 Following placement of block seines or completion of fish sampling, measure the length of 
the fish sampling reach. 
2. 	 Determine the transect interval and location offirst (or last transect). 
3. 	 Place flags or markers at the proper transect locations. 
4. 	 Estimate mean stream width. 
S. 	 Determine transect increments based on stream width. 
6. 	 Using the appropriate field sheets, initiate recording depth and substrate type at the first 
downstream transect (transect I), and continue procedure measures in an upstream direction 
through transect II (see Figure 6-3) . 
7. 	 Record estimates of in-stream cover and other metrics for each of the 10 segments as 
moving upstream. 
Limi/ations oIMe/hod%gy 
Because fish community structure may he affected by seasonal changes in fish distribution 
and stream flow regime, five situations were listed by Gorman and Karr (1978) as limitations 
andlor considerations when evaluating stream habitat to pr.edict fisll community diversity. 
1. 	 Habitat measurements must not he made in stream environments uninhabitable by fishes 
(e.g., water too shallow). 
2. 	 Habitat should be sampled in flowing streams; habitat assessments are preferably conducted 
wben streams are at or near base flow, or low flow conditions. When streams are partially 
'-9 

Table 6-3. Field Metrics Evaluated in IEPA II-Transect Stream Habitat 
Field metrics 11-Transect 
SUBSTRATE (%) 

Silt - Mud «O.063mm) x 

Deposition 

Pool Substrate 

Substrate Stability 

Sand (0.063-2mm) X 

Fine Gravel (0.08 - 0.3 inches) X 

Medium Gravel (0.2 - 0.6 inches) X 

Coarse Gravel (0.6 - 2.5 inches) X 

Small Cobble (2.5 - 5 inches) X 

Large Cobble (5 - 10 inches) X 

Boulder (> 10 Inches) X 

Bedrock X 

Claypan - Compacted Soil X 

Plant Detritus X 

Vegetation X 

Submerged Logs X 

Other (e.g., culvert) X 

Bottom Substrate X 

HYDRAULICIMORPHOMETRYFEATURES 

Channel Alteration 

Channel Sinuosity 

Discharge (cfs) X 

Hydrologic Diversity 

Pool Quality 

Pool Variaoility 

WidthlDepth Ratio 

Mean Depth (ft) X 

Mean Velocity @ Q X 

Mean Reach VeTocity X 

Mean Width ofWater (ft) X 

Pool (%) X 

Riffle (%) X 

Water Level Trend X 

Water Level X 

RIPARIAN FEATURES 

Bank Vegetative Stability 

Immediate Watershed 

Shading/Canopy (%) X 

OTHER 
In-stream Cover Total (%) X 

Aquatic Vegetation X 

Boulders X 

Brush-debris Jams X 

Logs X 

RockLedge X 

Submergea Tree Roots X 

Submerged Terrestrial Vegetation X 

Undercut Bank X 

POTENTIAL INDEX OF BIOTIC INTEGRITY (pml) X 
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Figure 6-3. Schematic diagram of IEP A habitat quality assessmen!"p!.ocedure for wadable 

streams. Sampling is initiated at the right eoge of the water (REW) at transect 

Number 1. Depth, velocity and substrate measurements start at the proper increment 

width from REW (point 1 in the figure) and sampling proceeds across transect. 

Additional transects are taken at 10 yard intervals moving upstream. 
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dried or pooled, fish are restricted to pools and habitat assessments may predict lower fish 
diversity or biotic integrity than will actually occur. 
3. 	 Streams excessively choked with filamentous algae should not be included in habitat 
diversity analysis for prediction of biotic integrity (or habitat diversity). Gorman and Karr 
found lID in such areas predicted a higher fish species diversity than occurred. 
4. 	 The stream habitat and fish community must be in relative equilibrium with fishes using their 
optimum habitat. Migration of fishes in search of spawning areas will impact resident fish 
community structure. Fluctuating stream stages typically found in spring months may 
similarly invalidate habitat relationships with fish community composition. 
S. 	 Sampling of fish communities should be avoided when short-term chemical changes have 
impacted or devastated fish communities. Biotic integrity will be much lower than predicted 
by habitat assessment in such instances. 
Determination of Total Transect Reach and Transect Interval 
Habitat quality metrics are measured at 11 transects in all Illinois EPA Cooperative Stream 
Surveys. The total transect reach (distance from the first to last transect) should be established in 
the area of the fishery survey. The distance between habitat transects is defined as the transect 
interval (Figure 6-3). 
For fishery study areas shorter or longer than 100 yards, the study area may be divided into 
10 segments of equal transect intervals. The study area should include at least one riffle/pool 
sequence whenever possible. The length of the fish sampling reach, transect reach, and transect 
interval is recorded on the Habitat Transects Field Sheet. 
Transect locations may be marked temporarily with wire flags or flagging tape. The first 
transect should be placed across a riffle area at the upstream end of the study area with 
subsequent transects located at appropriate intervals in a downstream direction. If a riffle is not 
available at the upper end of the study reach, it may be necessary to place the initial transect 
across a riffle at the downstream end of the sample area and proceed with placement of transects 
in an upstream direction. Regardless of the direction in which transects are placed, the first 
transect at the downstream end of the study reach is always designated as number one. 
Habitat metrics are recorded at equal increments across each transect with increment width 
or spacing for the study area determined by mean (x) stream width (see Table 6-4 below). Mean 
stream width is determined by a few measurements of stream width at representative points. 
Once increment spacing is determined, the same increment width is used for each transect. 
Table 6-4. Transect Increment Spacing as Determined by Mean Stream Width 
Mean stream width x (ft) Increment spacing 
w~lO 1 

w > 10 but ~ 30 2 

w > 30 but ~ 60 3 

w > 60 but ~ 100 S 

w > 100 10 
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HABITAT VARIABLES 

Stream Width 
Stream width is determined by measuring the distance between the right downstream 
water edge to the left downstream water edge. Stream width is recorded to the nearest foot (1 .0 
ft) on the Habitat Transects Field Sheet. To provide consistency in measurement, protruding 
logs, boulders, stumps, or debris surrounded by water are included in the measurement of the 
water surface. Any solid accumulation of inorganic sediment particles protruding above the water 
and more than 1.0 ft in width is considered an island and is not included in the measurement of 
stream width. The stream width measurement ends when, on approaching the shoreline, any 
material is not completely surrounded by water and water is only pocketing between the material 
(platts et aL, 1983). 
Following recording of stream width on the field sheet, depth, velocity, and substrate type 
are recorded at each sample point or transect increment. Measurements are initiated at transect 1 
at the appropriate increment width from the right downstream edge (REW) of the water (e.g., if 
the increment width is 3 ft, the first measurement is started 3 ft from the REW). 
Water Depth 
Water depth between the water surface and substrate is measured with a USGS top setting 
wading rod or fiberglass level rod to the nearest tenth of a foot (0.1 ft). 
Mean stream depth for a transect is determined by dividing the sum of depth 
measurements by the number of measurements plus 1. This accounts for the zero depths at the 
stream edge (platts et al., 1983). The mean depth for the sampling reach is calculated by 
summing all the depth measurements in the reach and dividing by the number of measurements 
plus the number of transects. For example, if 10 depth measurements were made at each of 11 
transects, the mean depth would equal the sum of the depths divided by 110 + 11. 
Stream Velocity 
Stream velocity is the speed of water movement over a given distance and is typically 
measured in feet per second (ft/sec) or meters per second (m/sec) . Velocity, a function of many 
variables such as gradient, bottom substrate (roughness), and runoff from precipitation, is an 
important hydrological variable that affects the physical, biological, and chemical components of 
stream quality. 
Velocity measurements are recorded in conjunction with the measurement of stream 
discharge. Velocity is determined using a Price AA current meter, pygmy meter, or Gurley meter 
at 0.6 total depth (vx = 0.6d). The habitat field sheet aIfows the investigator to record total 
revolutions and time in seconds for each measurement; stream velocity may be computed in the 
field or in the office and is recorded to the nearest hundredth foot per second (0.01 ft/sec) . 
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Substrate 
Substrate is defined as the mixture of particles comprising the streambed (Bovee, 1982). 
A total of ten substrate types and four in-stream cover metrics (including "other") have been 
developed to record substrate and bottom type in Illinois streams. The ten substrate categories 
listed in Table 6-5 are predicated on particle sizes modified from Lane (1947). 
At each transect point the predominant substrate is noted and the numerical code recorded 
on the field form. Considerable judgment is necessary in recording substrate type. It's necessary 
to always use the size categories provided on the field sheet. Intermixtures ofvarious materials or 
particle sizes are probably the most difficult to judge. Normally if you have an intermixture of 
materials, each will be predominant at one or more sample points on the transect. However, if a 
nearly equal intermixture of sand, gravel, and detritus is noted across nine transect points, it 
would be practical to code three points as sand, three points as gravel, and three as detritus. 
In-stream Cover 
Cover is defined as something that fish can hide under or behind (Bovee, 1982). In-stream 
cover and substrate function similarly in stream environments by affording fish and 
macroinvertebrates sanctuaries for specific life processes. In-stream cover, as measured by these 
habitat assessment procedures, applies mainly to fish beyond the juvenile stage while substrate 
provides essentially the same function to benthic macro invertebrates and certain life stages of fish 
(e.g., eggs and larvae). 
In-stream cover typically encountered in Illinois streams consists of logs, snags, brush­
debris jams, aquatic vegetation, rock ledges, and undercut banks. For the purpose of this habitat 
methodology, roots and filamentous algae extending into the stream are considered vegetation 
and may be included in the estimate of in-stream cover. Boulders may also be considered in­
stream cover if they are of a size, shape, and location in the stream to afford fish cover. 
PoolJRime Development 
Pools 
A pool is defined as that area of a stream that has slow velocity and is usually deeper than 
a riffle or a run (platts et aI., 1983). A pool frequently exhibits a streambed concave in shape and 
a water surface gradient near zero. Pools in meandering and straight channels are topographic 
low areas, usually several channel widths long, produced by scour at high flow; pools are 
generally associated with point bars and contain relatively fine-grained bed material (Keller and 
Melhorn, 1978). 
Riffles 
" A riffle is defined as that section of a stream where velocity is fast, stream depth relatively 
shallow, and water surface gradient relatively steep; channel profile is usually straight to convex 
(platts et al., 1983). Riffles are usually topographic high areas produced by the accumulation of 
coarse-grained material; ideally, the inflection point of the thalweg is located on riffles between 
successive pools (Keller and Melhorn, 1978). 
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Table 6-5. Substrate and Bottom Type Categories Used in the IEPA Transect 

Habitat Assessment Procedure 

Code 
1 
2 
3.1 
3.2 
3.3 
4.1 
4.2 
5 
6 
7 
8 
9 
10 
11 
Substrate 
Silt/mud 
Sand 
Fine gravel 
Medium gravel 
Coarse gravel 
SmaIl cobble 
Medium cobble 
Boulder 
Bedrock 
Bottom type 
Claypan - compacted soil 
Plant detritus 
Vegetation 
Submerged logs 
Other 
Particle size 
<0.062 nun 

0.062 - 2 nun 

2 - 8 nun (0.08 - 0.3 in.) 

8 - 16 nun (0.3 - 0.6 in.) 

16 - 64 nun (0.6 - 2 .5 in.) 

64 - 128 nun (2.5 - 5 in.) 

128 - 256 mm (5 - 10 in.) 

256 - 4000 mm (> 10 in.) 

Solid rock 
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Run • 
To further quantify the characteristics of a stream, Platts et at. (1983) have defined a run • 
as that length of stream that does not fonn distinguishable pools or riffles but has a rapid 
nonturbulent flow. A run is usually too deep to be a riffle and too fast to be a pool; it is like a low 
incline plane where all water flows at the same fast pace, but not fast enough to cause surface 
rippling. Channel fonn under a run is usually very unifonn and the plane flat. 
Pool/Riffle Ratio • 
The pooVriffle ratio is the length or percent of riffle divided into the length or percent pool 
obtained for the study area. This ratio reflects the stream's capability of providing resting and 
feeding pools for fish and riffles to produce their food and support their spawning (platts et al., 
1983). 
•Estimating Percentage ofIn-stream Cover, Pool, and Riffle • 
Percentage of in-stream cover, pool, and riffle was estimated by type for each of the 10 
segments. 
Canopy-Percent Shaded 
Solar radiation and the resulting heat load are important factors that regulate biological 
activity in all aquatic environments. Canopy or the percent shaded area is detennined by 
estimating the percent of the stream surface shaded between 1000 and 1600 hours. 
•
•
• 
• 
III• 
III 
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MONITORING EVALUAnONS 
Stream Fisheries [valuatiuns 
The 52 control or reference site has remained consistently low in numbers of species and 
abundance. The only abundant species was stickleback during the spring spawning runs. The illl 
values at S2 were 28 or below. Pollution-tolerant species such as goldfish have lowered illl 
scores since no fish at a site during sampling win give a 28 score. Only 2-4 species were found 
during any year with population numbers ranging from 15 to 17 individuals for each year. 
Without any habitat enhancement in 1994, five more species were found at 5 I than at the 
S2 control. All five species were limited to a sinRle individual (see Table 6-6). The IBI values at 
both stations were SImilar in 1994 and 1995 after lunker installation at 51. During 1995, the 
number of fish species remained eight at 51; however, population counts quadrupled without 
counting the spavming stickJebacks. Most of the population increase resulted from increases of 
fathead minnow and white sucker at S I during 1995. 
After the pool and riffle construction in 1996, the illl value for 51 rose to 35 while S2 
remained at 28. The increase of fish species to 16 accounted for this increase since both bluegill 
and coho salmon fry made their first appearances on the South Branch. The single largemouth 
bass observation in 1994 increased to 12 individuals in 1996. 
Other new species, long nose dace, green sunfish, and black bullhead, moved into the 
newly created habitat at SI . Populations numbers for 51 remained nearly identical for 1995 and 
19%. In the S2 control, fish populations remained severely limited in both fish species and 
numbers. 
Macroinvertebrate Survey Evaluations 
The 1I.1BI uses aquatic invertebrate populations to determine water pollution effects in 
streams, and scores above 7.5 indicate poor water quality. During 1994 and 1995, tbe MEl 
remained at 7 or below at all sampling stations. However, in the spring sample of 1996, the MDI 
rose to a high of9.50 at the S2 control site. 
At the $ I pool and riffle site downstream, the MEl reached a high of 8.4, which also 
indicates water pollution effects. In contrast, both sampling stations on the North Branch had 
MBI values below 7, which indicates high water quality. Water chemistry samples did not reveal 
higher levels than those of 1994 or 1995. The Nonh Creek sites had MBI values indicating no 
limitations as the result of water pollution 
The 1I.1BI values for S2 remained higher than 51 during the summer and fall sampling 
dates. At $2, MBI values were near the 7.5 level, which indicates water quality limItations. The 
S 1 station had MBI values at 6.3 or below. which were similar to the Nonh Branch sites. 
These MEl differences result from water quality effects on stations only 400 It apan and 
receiving the same streamflows. The fall sampling date was two days after a small storm water 
flood event with a peak flow of 80 cfs. 5tormwater in the South Branch had elevated ammonia 
levels above 0.5 mgll. Oxygen levels were between 5.5 and 4.5 mg!! in the South Branch from $2 
6-17 
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Table 6-6. Comparison of Mean Station Values of Indices 
for SI and S2, 1994-1996 
• 
•
• 
• 
•
~ 

1994 

Index SI 
ml 25.82 
MBI 6.64 
pml 41.51 
S2 
22.18 
7.26 
41.93 
1995 

SI S2 
Lunker 
25.33 26.00 
6.26 6.31 
41.93 41 .79 
Fish species and abundance 
Coho 
Bluegill 
Largemouth bass 1 
Longnose dace 
Mottled sculpin 4 
Fathead minnow 4 2 64 4 
Creek chub 1 8 
Golden shiner 1 2 17 
White sucker 24 7 
Black bullhead 
Green sunfish 
Mosquito fish 27 13 20 4 
Goldfish 1 
Brook stickleback 1 
Ninespine stickleback 1 
Threespine stickleback 1 53 54 
1996 

SI 

Riffles 

34.67 
6.99 
41.34 
2 
9 
12 
44 
2 
16 
8 
2 
28 
3 
8 
2 
1 
1 
3 
84 
S2 
28.00 
8.26 
41.65 
• 

1 
• 
15 
Species 8 3 8 4 16 2 
Abundance without 35 17 138 15 136 1 
stickleback 
Abundance with 37 17 191 69 224 16 
stickleback 
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and 51 to the last riffle downstream on the South Branch. North Branch sites had better water 
quality with ammonia lewis below 0.1 mgII and dissolved oxygen above 7.5 mglI. 
The MBI values indicate water quality effects on invertebrate populatiOIl5 over a longer 
time pcnod. Grab samples for water chemistry reprcscnt water quality at a panicular instant in the 
flow regime. The MBI values and water chemistry values were typical ofhigh quality water at the 
Nonh Branch sites even though a fish kill was visible along the banks in the September 1996 
sampling. 
5pring MBI values are generally higher and indicate longer term water quality effects 
including low water temperatures on aquatic invertebrate populatioll5. As invertebrate populations 
respond to higher water temperatures. the species numbers and abundance increased. 
Overall the MBT mean values for 51 and 52 were similar in 1994 and 1995 (Table 6-6). 
However at the 52 control site in 1996, aquatic macroinvertebrate populations suffered greater 
water pollution effects with the same streamflow and water quality than the pool and riffle 
complex at 51. 
In-strram Habitat Evaluation! 
Habitat evaluations of the wadable transects of the SI and S2 sites were performed 
simultaneously with the fishery surveys and macroinvertebrate surveys. Of the habitat criteria 
measured, maximum pool depth, in-stream oover ofundercut bank (lunkers in 1995) and boulders 
(riffles), and substrates of cobble and boulders had the greatest increases (Table 6-7). Especially 
important for this urban stream was the increase ofpool depth and therefore fish carrying capacity 
during low streamflows. 
The increase of cobble and boulder substrate along the turbulent backface of rimes is an 
important habitat feature. This well scoured cobble lies adjacent to deeper scour holes, which 
formed just below the rimes. Additional habitat improvement occurred where lunkers formed 
undercut banks downstream ofthe rime's turbulent flows. 
This table of habitat variables does not weight the value of one habitat feature with 
hydraulic features of water depth and velocity. Although this habitat complex is difficult to 
quantity, stream fishery in natural streams is most closely associated with this multiple habitat 
parameter matrix. 
• 
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Table 6-7. In-stream Habitat Characteristics of the Waukegan River, Annual Means 
S 1 (Treatment} S2 (Control} 

Characteristics 1994 1995 1996 1994 1995 1996 

Hydraulics 
Pool (%) 34.92 29.40 20.77 23.38 8.22 0.14 
Riffle (%) 5.58 0.36 4.80 14.35 32.34 46.02 
Run (%) 59.50 70.24 74.43 62.27 59.44 53.84 
Maximum depth (ft) 0.90 1.50 2.50 1.03 0.53 0.40 
Mean depth (ft) 0.27 0.55 0.86 0.20 0.31 0.15 
Wetted volume (ft3) 491 838 2,117 419 310 459 
Substrate 
Boulder (%) 8.09 11.47 13.99 1.75 1.25 0.73 
In-stream cover 
Boulder (%) 4.90 5.48 12.87 1.69 2.04 0.91 
Undercut bank (%) 0.19 8.12 2.44 0.06 0.10 0.00 
Rock ledge (%) 0.17 7.96 8.11 0.00 0.00 0.00 
Total cover (%) 8.90 27.57 28.17 5.62 2.59 1.15 
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SUMMARY 

I. 	 The $ueam fisheries abundance irK:reased after lunker installation at SI, but ml values 
remained simil., to 52 and 51 values before lunker installation. The [81 values illO"eased after 
weir constroction fanned a series of pool and rimes at 51 . 
2. 	 The [81 values inc:reaxd e"<"eI\ tbough the 1996 MBI values for maC£oinvMebrates indiwed 
signifiunt water pollution eff~ on the 52 control and to a lesser extent II 51. 
3. 	 1be major habitat modification vJu the increase or maximum pool depth and the increase of 
boulder in-stream COVet. The ina-ease in pool depth is seen most clearly in Figure 6-4 where 
the light blue indicates the increase of pool depth. Figure 6-5 reveals the incfeMe of boulder 
in-!Ilream covet. 
• 
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